heating costs however, as AD reactors are commonly operated at mesophilic temperatures 26 while handling waste streams discharged at ambient or cold temperatures. Consequently, 27 low-temperature AD represents a cost effective strategy for wastewater treatment. The 28 comparative investigation of key microbial groups underpinning laboratory-scale AD 29 bioreactors operated at 37°C, 15°C and 7°C was carried out. Community structure was 30 monitored using 16S rRNA clone libraries, while abundance of the most prominent 31 methanogens was investigated using qPCR. In addition, metaproteomics was employed to 32 access the microbial functions carried out in situ. Only proteins with ≥ 2 peptides identified at > 99% confidence with a competitor error 159 margin (Prot Score) of 2.00 were considered. 160
161

RESULTS AND DISCUSSION 162
Bacteroidetes and Methanosaetaceae are prevalent at low temperature in AD systems. 163
The bacterial community was found to be dominated by δ-Proteobacteria at 37°C, 164 accounting for 61% of the clones identified (Fig. 1) . Their relative abundance decreased in 165 low-temperature biomass, representing 19% and 13% of the clone libraries at 15°C and 7°C, 166 respectively. Interestingly, Bacteroidetes, only accounting for 10% of the bacterial clones at 167 37°C increased to 16% and 47% at 15°C and 7°C, respectively. In addition, while the relative 168 abundance of Chloroflexi decreased at low temperature, Firmicutes were found to be more 169 prevalent at 15°C and 7°C when compared to 37°C (Fig. 1) .
The importance of 170
Methanosaetaceae in AD systems operated at low temperature was highlighted by qPCR 171 (Fig. 2 ). This correlated with previous observations reporting that Methanosaeta-like clones 172 accounted for 29%, 75% and 93% at 37°C, 15°C and 7°C, respectively (Siggins et al., 173 2011a,b). Strikingly, Methanomicrobiales levels were found to increase at 15°C compared to 174 37°C and 7°C, likely indicating an important role for these hydrogenotrophic methanogens at 175 this temperature ( proteins displaying differential expression in a temperature dependent manner (Table 1) . 197
Remarkably, a protein involved in methanogenesis from CO 2 , (tetrahydromethanopterin S-198 methyltransferase subunit H; Table 1 ), which was found to be expressed at higher level at decreased with an expression ratio of 18.6 fold decrease at 7°C compared to 37°C and 11.7 209 fold decrease between 15°C and 7°C ( Table 1) . The same enzyme assigned to 210
Methanospirullum hungatei was found to have an increased expression at 15°C (Table 1) , 211 somewhat correlating with the increased level of Methanomicrobiales detected by qPCR at 212 this temperature (Fig.2) . Another subunit of methyl-coenzyme M reductase assigned to 213
Methanothermobacter was found to show a reduced level of expression at 15°C, when 214 compared to 37°C and 7°C (Table 1) . This was also supported by the decrease in abundance 215
of Methanobacteriales reported at 15°C by qPCR (Fig. 2) . Strikingly, 2 homologues of 216 acetyl-coA synthetase, converting acetate to acetyl-CoA, assigned to Methanoseata concilii 217 were found to be differentially regulated at different temperatures. While one homologue was 218 expressed at higher level at low temperatures compared to 37°C (expression ratios of -2.6 for 219 37/15 and -4.5 for 37/7), the other was expressed in an opposite fashion displaying a higher 220 level of expression at 37°C when compared to 15°C and 7°C (expression ratios of 15.8 for 221 37/15 and 8.5 for 37/7; Table 1 ). In addition, these two enzymes were expressed at similar 222 level at 15°C and 7°C (Table 1) , suggesting a differential regulation at 37°C. Ten proteins8 involved in energy and metabolism were found to be expressed in all bioreactors, amongst 224 which 2 proteins were differentially expressed as a function of operating temperature (Table  225 1). Active pathways included glycolysis/gluconeogenesis possibly using acetate from the 226 bioreactors' influent as a precursor. Enzymes involved in the pentose phosphate pathway, 227 TCA cycle and amino acid biosynthesis, such as leucine, which can be derived from pyruvate 228 metabolism (a glycolytic intermediate) were also detected (Table 1) . Of particular note was 229 the differential expression of the bifunctional enzyme Fae/Hps, which abundance increased as 230 the operating temperature decreased (expression ratios of -3.5 for 37/15 and -2.9 for 15/7; 231 Table 1 ). This enzyme contains 2 domains: i) one homologous to formaldehyde-activating 232 enzyme (Fae) and ii) the other to 3-hexulose-6-phosphate synthase (Hps; Grochowski et al., 233 2005), also separately detected in all bioreactors at similar levels (Table 1) detected in all bioreactors were found to be involved in cell maintenance processes including 249 4 displaying chaperone activities indicating an important role for these enzymes in AD 250 systems. Of particular note was the differential expression of GroEL assigned to δ-251 Proteobacteria, detected at higher levels at 37°C compared to 15°C and 7°C (expression 252 ratios of 2.5 for 37/15 and 3.9 for 37/7; Table 1), which correlated with the marked increased 253 abundance of δ-Proteobacteria-like clones observed at this temperature (Fig. 1) . Similarly a 254 protein of unknown function assigned to this taxonomic class was found to be expressed at 255 higher level at 37°C with expression ratios of 2.5 for 37/15 and 2.2 for 37/7. Taken together 256 the phylogenetic analyses (using qPCR and clone libraries) are largely supporting 257 metaproteomic assignment. 258
259
Overall this study has highlighted the importance of Methanosaetaceae to the AD process 260 with the assignment to this methanogenic group of 29 proteins out of the 41 identified. 261 Importantly, while methanogenesis was found to occur at all temperatures investigated, 262 differential expression of methanogenic enzymes was observed at 37°C, 15°C and 7°C. 263
Interestingly, this did not indicate the regulation of specific steps of the methanogenesis 264 pathway but seemed to correlate with changes in microbial community composition. For 265 example, proteins involved in the last step of methanogenesis that were assigned to 266
Methanomicrobiales, were found to be expressed at higher levels at 15°C when compared to 267 37°C, while those assigned to Methanobacteriales followed the opposite trend. 
365
Fae/Hps, formaldehyde activating enzyme/ hexulose-6-phosphate synthase; H4MPT, Tetrahydromethanopterin; CoA, coenzyme. 
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